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INTRODUCTION 

The  tables  presented  here  give  values 
needed  to  determine  the  volumes  of  ponderosa 
pine  (Pinus  ponderosa  Laws.)  in  the  Black 
Hills  of  South  Dakota  and  Wyoming.  They  pro- 
vide timber  cruisers  and  growth  estimators 
with  the  following: 

1.  Gross  volumes  in  total  and  merchantable 
cubic  feet. 

2.  Gross  volumes  in  board  feet,  International 
1/4-inch  and  Scribner  log  rules. 

3.  Point- sampling  factors  for  merchantable 
cubic  feet  and  board  feet. 

4.  Distribution  of  board  foot  volume  among 
the  logs  of  a  tree. 

Volume  on  an  area  may  be  determined  from: 
(1)  measurements  of  tree  diameters  and 
heights,  (2)  measurements  of  diameters  and 
of  sufficient  heights  to  convert  the  appropri- 
ate volume  tables  to  local  volume  tables 
(Chapman  and  Meyer,  1949),  or  (3)  tree  counts 
obtained  by  point- sampling. 

Sample  trees  were  measured  in  all  areas 
of  commercial  ponderosa  pine  in  the  Black 
Hills  of  South  Dakota  and  Wyoming  and  the 
Bear  Lodge  Mountains  of  Wyoming. 


DEFINITIONS  AND  STANDARDS 

Variables  used  in  the  tables,  and  stand- 
ards followed  in  field  measurement  and  com- 
putations, are  defined  as  follows: 


Diameter  breast  high  (d.b.h.). --Measured  to 
0.1  inch  outside  bark  4.5  feet  above  ground 
level.2  Full-inch  diameter  classes,  with  class 
midpoints  at  the  half-inch  marks,  were  used 
in  the  tables  (12.5,  13.5,  etc.). 

Scaling  diameter  of  logs. --Average  diameter 
inside  bark  to  0.1  inch,  measured  at  the  upper 
(small)  end  of  logs  or  half-logs.  Saw-log  di- 
ameter classes  followed  conventional  scaling 
practice,  with  the  class  midpoints  at  whole 
inches  (8.0,  9.0,  etc.). 

Minimum  top  diameter  of  sawtimber  trees.-- 
Diameter  inside  bark  8  inches,  which  con- 
forms to  usual  practice  in  the  Black  Hills. 
Logs  with  a  scaling  diameter  less  than  7.6 
inches  (8-inch  class)  usually  were  not  includ- 
ed in  saw- log  volume.  A  few  logs  with  a  scal- 
ing diameter  of  7  inches  were  included  to 
satisfy  requirements  of  the  4-foot  rule  de- 
scribed with  the  definition  of  height  in  logs, 
below.  This  also  conforms  to  local  practice. 

Total  height. --Measured  to  the  nearest  foot 
from  ground  level  at  the  tree  base  upward  to 
the  tip.  Forked,  stag-topped,  or  other  de- 
formed trees  were  not  included  in  the  sample. 
Midpoints  of  the  total  height  classes  used  in 
the  tables  were  multiples  of  10.0  feet,  as  10.0, 
20.0,  etc. 

2  Half  the  heights  were  measured  from  aver- 
age ground  level  and  half  from  the  uphill  side 
of  the  tree.  Variations  in  positions  of  d.b.h. 
and  scaling  diameters  were  too  small  to  make 
significant  differences  in  volumes. 
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Height  in  logs. --Measured  from  the  top  of  a 
stump  1.0  foot  high  upward  to  the  limit  of  saw 
log  utilization.  Each  tree  was  divided  into  as 
many  standard  16. 3-foot- long  logs  as  possible. 
An  additional  half- log,  if  present,  was  taken 
from  the  uppermost  part  of  the  merchantable 
length.  Portions  of  the  bole  above  the  height 
of  minimum  top  saw-log  diameter  were  in- 
cluded in  the  uppermost  saw  log  if  the  stand- 
ard length  of  the  log  or  half- log  ended  within 
4.0  feet  above  this  height.  This  "4-foot  rule" 
was  used  to  avoid  biased  negative  error  in 
volume  (Chapman  and  Meyer,  1949). 


EXPLANATION  OF  TABLES 

The  general  definitions  and  standards  given 
apply  to  all  tables.  Explanation  of  each  type  of 
table  and  suggestions  for  use  are  presented 
here. 


Volume  Tables 

Headings  and  footnotes  with  each  volume 
table  (tables  1,  2,  4,  6,  8,  10)  give  the  volume 
unit,  type  of  height  measurement,  utilization 
standards,  and  volume  equations  used  in  its 
compilation.  Ten-foot  or  half-log  height  class- 
es and  full-inch  diameter  classes  were  used 
in  all  tables. 

The  volume  tables  were  derived  from  lin- 
ear regressions  in  V  and  D2H,  of  the  form: 
V=  a  +b  D2H, 
where: 

V  =  gross  volume  in  the  appropriate  unit 

D  =  diameter  breast  high  outside  bark 

H  =  total  height  in  feet  or  in  standard  logs  and 

half- logs 
a,b  =  regression  constants 

Two  equations  were  used  to  derive  each 
table;  the  relationship  between  V  and  D2H 
could  not  be  expressed  by  a  single  linear  re- 
gression over  the  full  range  of  the  basic  data. 
Correlation  coefficients  (r)  of  the  12  volume 
equations  ranged  from  0.891  (board  feet  with 
total  height,  small  trees)  to  0.993  (total  cubic 
feet). 

The  number  of  logs  in  a  tree  shown  in  the 
tables  is  not  necessarily  the  number  that  will 


actually  be  cut  from  it.  Instead,  it  is  the  num- 
ber of  logs  between  the  stump  and  the  height 
where  minimum  top  diameter  is  reached.  To 
locate  the  minimum  top,  the  4-foot  rule  ex- 
plained under  the  heading  "height  in  logs" 
should  be  used. 

Volume  of  nonmerchantable  logs  below  the 
height  of  minimum  top  diameter  should  be  de- 
ducted by  estimation  of  scaling  diameters,  use 
of  taper  tables,  or  according  to  the  percent- 
ages in  table  13.  Volume  must  not  be  reduced 
by  tallying  fewer  logs  in  the  tree.  For  exam- 
ple, assume  that  a  sound  tree  18  inches  in 
diameter  has  a  bole  length  of  65.2  feet  (4 
logs)  between  the  stump  and  the  height  where 
diameter  inside  bark  is  8  inches.  The  tree  has 
a  gross  volume  of  372  board  feet  Scribner 
Rule  (table  6).  The  top  log  is  toolimby  to  send 
to  the  sawmill.  This  log  contains  9  percent  of 
the  board  feet  in  the  tree  (table  13)  and  the 
other  logs  contain  91  percent.  When  9  percent 
or  33  board  feet  is  deducted,  the  tree  con- 
tains 339  board  feet.  If  the  tree  were  tallied 
as  an  18-inch,  3-log  tree,  it  would  be  incor- 
rectly credited  with  a  volume  of  273  board 
feet. 


Point-Sampling  Factors 

The  first  five  tables  of  point- sampling  fac- 
tors (tables  3,  5,  7,  9,  11)  give  the  factors  for 
each  of  numerous  combinations  of  tree  di- 
ameter and  height.  Volumes  per  square  foot 
of  basal  area  were  obtained  from  the  equa- 
tions in  the  table  footnotes.  These  equations 
resulted  from  the  division  of  each  volume 
equation  (tables  2,  4,  6,  8,  10)  by  0.005454  D2, 
a  formula  for  basal  area  (B). 

Table  12  was  derived  from  the  other  tables 
of  point- sampling  factors.  The  factor  for  each 
height  class  is  the  weighted  average  of  the 
factors  in  that  class  given  in  table  2,  4,  6,  8, 
or  10.  Weights  were  obtained  from  random 
samples  of  heights  and  diameters  in  all  areas 
of  commercial  ponderosa  pine  in  the  Black 
Hills. 

Point- sample  cruising  for  volume  can  be 
done  in  several  ways:  (1)  Diameters  and 
heights  of  trees  counted  through  the  prism  or 
relascope  may  be  measured,   (2)  diameters 


may  be  estimated  and  heights  measured,  or 
(3)  heights  of  the  counted  trees  may  be  meas- 
ured and  no  record  made  of  tree  diameters. 
The  procedure  selected  will  depend  on  the 
accuracy  desired  (relative  accuracy  usually 
in  the  order  listed  above)  and  the  time  and 
personnel  available  for  the  job.  Point- samp- 
ling factors  are  provided  for  each  alternative. 

The  diameter  and  height  of  each  counted 
tree  may  be  measured  and  a  volume  conver- 
sion factor  selected  for  each  combination  of 
diameter  and  height  (tables  3,  5,  7,  9,  11). 
Volume  per  acre  is  computed  as  follows: 

1.  Multiply  the  number  of  counted  trees  in 
each  diameter- height  class  by  the  point- 
sampling  factor  for  the  class. 

2.  Total  the  products  of  step  one. 

3.  Multiply  this  total  by  the  basal  area  factor 
of  the  prism  or  other  angle  gauge  used. 

4.  Divide  the  product  of  step  three  by  the 
number  of  points  sampled  on  the  tract. 

Time  can  often  be  saved  if  the  heights  of 
the  counted  trees  are  measured  while  diam- 
eters are  estimated  and  tallied  by  broad  di- 
ameter classes.  Inspection  of  the  tables  shows 
that  volumes  per  square  foot  of  basal  area 
often  do  not  differ  greatly  among  trees  of  a 
single  height  class.  For  example  the  mer- 
chantable volumes  of  trees  70  feet  tall  vary 
from  26.1  to  30.3  cubic  feet  per  square  foot 
as  diameter  increases  from  7  to  27  inches 
(table  3).  Board  feet  per  square  foot  of  basal 
area  changes  little  with  diameter  when  tree 
heights  are  measured  in  logs  (tables  7,  11). 
Therefore,  the  increased  time  spent  measur- 
ing diameters  may  not  materially  increase 
accuracy. 

Measurement  of  heights  with  no  record 
made  of  diameters  is  recommended  when 
there  is  little  change  in  volumes  per  square 
foot  within  a  height  class.  Point- sampling 
factors  in  table  12,  based  on  height  only,  will 
be  most  useful  where  the  distributions  of 
diameters  within  height  classes  approximate 
those  used  in  preparation  of  the  tables.  Dif- 
ferences in  the  relationship  between  height 
and  diameter  due  to  differences  in  site  quality 
or  stand  density  may  change  the  factor  for 
each  height  class.  These  changes  may  be  ac- 
counted for  by  computing  new  factors  for  each 


height  class,  using  tables  3,  5,  7,  9,  or  11  and 
almost  the  same  procedure  used  to  derive  a 
local  volume  table  from  a  standard  table 
(Chapman  and  Meyer,  1949).  Diameters  are 
plotted  over  heights,  since  height  will  be  re- 
tained as  the  measured  variable. 

The  techniques  of  point  sampling  have  been 
described  in  numerous  publications.  A  good 
discussion  of  the  method  was  presented  by 
Bonnett  (1959).  Allen  and  Mogren  (1960)  de- 
scribed a  simple  procedure  for  determining 
the  number  of  sampling  points,  and  Afanasiev 
(1958)  listed  precautions  on  the  use  of  point- 
sampling  on  small  tracts.  Basic  American 
references  were  prepared  by  Grosenbaugh 
(1952,  1955,  1958). 


Percentage  of  Tree  Board- Foot  Volume 
in  Each  Log 

The  board-foot  volume  in  each  log- quality 
class  or  the  volume  in  cull  logs  can  be  deter- 
mined with  the  percentages  from  table  13. 
Each  line  in  the  body  of  the  table  gives  the 
distribution  of  volume  among  the  logs  of  a 
tree  of  specified  diameter  and  merchantable 
length.  For  example,  in  18-inch,  3-log  trees, 
the  butt  log  contains  53  percent  of  the  board 
feet,  the  middle  log  contains  34  percent,  and 
the  top  log  13  percent. 

Percentages  for  diameters  that  are  not 
included  in  table  13  can  be  obtained  by  inter- 
polation. 
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Table  12. --Gross  tree  volumes  per  square  foot  of  basal  area  by  tree  height  classes  only, 

Black  Hills  ponderosa  pine 


Tree 
height 
(feet) 

Merchantable 
:    cubic  feet 

Board  feet 
Scribner 

Board  feet 
International 

Tree 
height 
(logs) 

:    Board  feet 
:  Scribner 

Board  feet 
International 

20 

2.4 

1.0 

51 

61 

30 

7.9 

1.5 

75 

89 

40 

13.4 

49 

56 

2.0 

99 

117 

50 

18.9 

73 

86 

2.5 

123 

145 

60 

23.9 

103 

122 

3.0 

147 

174 

70 

28.8 

136 

160 

3.5 

173 

202 

80 

33.7 

175 

203 

4.0 

202 

231 

90 

38.6 

222 

247 

4.5 

238 

261 

100 

43.2 

262 

286 

5.0 

269 

290 

110 

47.7 

298 

322 

5.5 

298 

319 

120 

333 

356 

6.0 

328 

349 

Table  13. 

--Percentage  of 

total  board  foot 

volume  in 

each  log  of  a  tree 

» 

Black  Hills  ponderosa  pine 


D.b.h.  (inches) 
and 
tree  height 
(logs) 


Position  of  log  in  the  tree 


1.0 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


4.5 


5.0 


5.5 


6.0 


Trees  12  inches  d.b.h. 


Percent  of  total  tree  volume 


1.0 
1.5 
2.0 
2.5 
3.0 
3.5 


100 
75 
62 
49 
42 
37 


25 


38 
37 
35 
33 


14 


23 
21 


Trees  18  inches  d.b.h.: 


2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 


70 
62 
53 
45 
41 
37 
34 


30 
30 
34 
32 
30 
27 
23 


13 
18 
20 
22 
22 


9 
10 
15 


Trees  24  inches  d.b.h.: 


3.0 
3.5 
4.0 
4.5 
5.0 


60 
50 
42 
38 
34 


30 
31 
31 
30 
27 


10 
16 
21 
20 
21 


6 
10 
14 


AfiVulturt  —  0K0,  Ft  Colli 


-  16  - 


cti 

CD 
O 

u 

<o  » 

ii 

o 

O  CD 

(/) 

CO  4-> 
U  CO 
O  <U 

r 

W)  . 

S  CO 


"»  cn 


CD 
00 

a 

cti 

a 

cti 


F! 

,  o 

CX  +J 
O  ni 
C 

-C  u 

o  « 


6  3 


2  T3 
£  Cti 

R  O 


a  o 
f!  - 

5  S 

O 

Cti  o 

R 


■5  £  g;  f! 
o  ^  ft  o 

CX  ^  v£> 

■2  3-. 

rt  ffl  oo  „ 


05  0) 


^  ~  p;  S 

^  CU  CD 

-o  6  .S  *  * 
U  s  aft  w 

O  ,— < 

£  o 

s  > 

u 

CO  sO 
^  CT- 

2 


^  a 

u  ni 
•  t-t 

£>  - 

3  cx 

V  o 

4->  -rH 

0)  I 

01  00 

o  PS 

~  n 

pj  u 
^5 


"P 

.s  + 

cu  ni 

ni   II  t-J 

J2  >  -g 

bo  H  H 

5    n  C 


o  « 

•    CU  cti 

2  ni  ^ 

t->  CU 

£    co  fn 

O    Fl  *& 

«  .2  H 

+J  cti 

'    cti  co 

o   3  cti 

«  ST-0 

rrt     <D  ,.  . 


(1) 


CU 

u 

Cti 

03 
V 

a 

3 
>  J3 

o 


CD 


3 

"3  o 
Pi  >  ? 


cti 

cr 

03 

u 

ID 
fX 


o 

ft  >• 

O  <U 
CO 

03  ^ 

U  03 

O  (U 

tJ  U 


cu 

OB 

c 

fti 

a 

cti 


O 

•  T3 
«  ni 

O 


O 

h 

M  . 

Fj  CO 

l — ! 

6  D 


cl  o 

3  03 

5  .S 

o  ^ 

Pi  o 


•s  5  a d" 

o  ft  o 

ft  ^   vO  £ 

rt  CP  oo  ^ 

JS  ^  s  s 

ni  a  .  t; 

CU  CU 

«  »  aft 

S  cxPh  W 

o 

> 


U 

03  sO 
CU  — * 


5  Pi 
o 

a  >• 

^  h 

O  cu 

^  CO 

03  +j 

U  CO 

O  CU 

ti  M 

ni 


cu 
oo 

cti 
Pi 

T3 
C 
cti 


O 

(30  . 
C  CO 

•rH 

»— 1  • 

ft  !-) 


Fl  - 


cn  0 

r  u 

w  o 

a  o 

"cti  U 

S  CO 

o  & 

S  a 

° 

U  +j 

o  u 

Pi  o 


.5  + 


0  ft  o 

1  ^ 


"1  CP  oo 


cti 

4-* 

CO 


cti  Fl 


l 


CU  CU 


^  CU  CU 

g  3  cxDh  w 

w  o 

u 

03  sO 

^  o 

CU 


o 
u 

cu  w 
-d  « 
C  Di 
O 

ft  > 
^  u 

O  CU 

m  to 

03  +j 
M  03 
O  0) 

013  . 

F!  CO 

•rH 

ft  t3 


CU 
QC 
F! 
cti 

Pi 

s 

cti 

m  O 

£  xi 

fH  Cti 

r°  u 
r  o 

I— I 

ti  o 

•3  o 


.5  + 


o  u 
Pi  o 


.5  ir  ftp? 
o  K  ft  o 
ft  ^  vO  -ii 

■2  3^  5 

CP  oo  ^ 
03  4,  '  Fj 
5  ■«  S  • 

2  **  cti  6 

cti  . 

CU  CU 

11 

3  cxr  W 


O  .H 


5  *  a 


3  o 


